Context: Recently, the American Thyroid Association (ATA) and the European Thyroid Association (ETA) have proposed that thyroid ultrasound (US) should be used to stratify the risk of malignancy in thyroid nodules and to aid decision-making about whether fine-needle aspiration cytology (FNAC) is indicated.
T he "routine" use of neck ultrasound (US) in clinical practice has contributed to the increased detection of thyroid nodules and in particular of small nonpalpable nodules (1, 2) . Among the vast amount of thyroid nodules detected in clinical practice, only 2% to 16% are malignant (3) . For the differential diagnosis between benign and malignant thyroid nodules, fine-needle aspiration cytology (FNAC) is considered an accurate and cost-effective method with a high diagnostic sensitivity and specificity (4) . To reduce unnecessary FNAC, US stratification systems have been proposed to help the physician in the management of thyroid nodules (5) (6) (7) (8) (9) (10) .
According to the 2015 American Thyroid Association (ATA) US risk stratification, thyroid nodules are classified into five categories according to the combination of US features. FNAC is recommended in high-and intermediate-suspicion categories for nodules larger than 1 cm and in low-suspicion categories for nodules .1.5 cm. In very low-suspicion categories, FNAC should be considered for nodules larger than 2.0 cm, whereas it is not recommended for benign nodules (6) . Similar to the 2015 ATA US risk stratification system, a wellstructured reporting system based on US features has been recently proposed by the European Thyroid Association (ETA) (10) . The European Thyroid Imaging and Reporting Data System (EU-TIRADS) classified thyroid nodules into four categories, and FNAC is recommended for EU-TIRADS 4 and 5 nodules larger than 1.5 and 1 cm, respectively. For EU-TIRADS 3 nodules, FNAC is indicated if nodules are larger than 2.0 cm, whereas it is not indicated for EU-TIRADS 2 nodules (10) . ATA US risk stratification systems of thyroid nodules have been recently validated in a prospective study based upon cytological and surgical pathology results in 206 thyroid nodules (11) . No prospective study has been conducted according to the ETA US stratification system.
The first aim of our study was to validate the ATA and ETA US risk stratification systems of thyroid nodules in a prospective series of thyroid nodules submitted to FNAC. The second aim was to compare the two US staging systems to verify the diagnostic accuracy and the ability to reduce the number of unnecessary FNACs without impact in the clinical diagnosis of thyroid cancer.
Patients and Methods

Study population
From November 2016 to June 2017, we prospectively collected from routine clinical care, all nodules submitted to FNAC for diagnostic purposes. All patients provided informed consent for both traditional cytology and molecular analysis at the time of FNAC. The study was approved and exempted by the institutional committee. The indication for FNAC was taken by the treating physician and was based on clinician judgment.
In total, 432 thyroid nodules in 340 patients were included in the study. There were 263 (77.4%) females and 77 (22.6%) males. The mean patient age was mean age 57 6 14.3 years (range: 16 to 86 years). The median diameter of nodules was 20 mm (range: 9 to 83 mm).
US examinations and US-guided FNA procedures
Neck US was performed by the same experienced endocrinologist of our staff using a high-resolution US color Doppler apparatus (My Laboratory 40 HD; Esaote Biomedica, Firenze, Italy) with a 7.5-MHz linear transducer. US features of each thyroid nodule were described and recorded in the database by the endocrinologist who performed the examinations, and nodules were stratified using sonographic patterns, as described and published in the 2015 ATA guidelines (6) and in the ETA US risk stratification systems (10) . Based on ATA US risk assessment, thyroid nodules were classified into five groups: "benign," "very low suspicion," "low suspicion," "intermediate suspicion," and "high suspicion" (Table 1 , panel A). Based on ETA US risk assessment, thyroid nodules were classified into four groups: "EU-TIRADS 2" (benign), "EU-TIRADS 3" (low risk), "EU-TIRADS 4" (intermediate risk), and "EU-TIRADS 5" (high risk) (Table 1, panel B) .
At the time of the FNAC, a sample of the nodules was collected for both cytological and molecular analysis. All patients provided informed consent for both traditional cytology and molecular analysis. US-guided FNAC was performed for at least two separate passes for each thyroid nodule by using a 23/25-gauge needle. The material was air dried, stained with May-Grunwald Giemsa, and interpreted by the same experienced cytologist. The pathologist performing the cytological diagnosis was blinded to the ultrasonography risk of thyroid nodules. Cytology reports from US-guided FNAC of thyroid nodules were based on the five 
Management of thyroid nodules according to cytological results
All patients with Thy4/Thy5 cytologies were sent to surgery. In the benign nodule categories (Thy2), only selected patients, those with compressive symptoms, were sent to surgery. Patients with Thy2 cytologies not submitted to surgery were observed with annual follow-up consisting of clinical examination, neck US, and serological testing (freetriiodothyronine, free-thyroxine, and thyroid-stimulating hormone measurement). Patients with indeterminate cytology (Thy3) were managed according to the additional information gained from the search for genetic mutations using a six-gene panel including point mutations of BRAF (mainly V600E), hTERT promoter, and H-K-NRAS and rearrangements of RET/PTC, TRK, and PAX8/PPARg. In case of gene mutations, patients were submitted to surgery. In case of negative mutational status, the management was modulated on the basis of size and US features of thyroid nodules. Specifically, patients with a large nodule and/or large multinodular goiter and patients with a high-suspicion nodule at neck US were submitted to surgery.
Statistical analysis
Epidemiological data are presented as the mean 6 standard deviation. The frequency distribution in the different sonographic risk categories was compared using a x 2 test. For statistical analysis, benign to low-suspicion nodules with the ATA US risk stratification system were considered at lower risk and intermediate-to high-suspicion nodules were considered at higher risk for thyroid nodule malignancy. Similarly, EU-TIRADS 2 and EU-TIRADS 3 nodules were considered at lower risk for thyroid malignancy, and EU-TIRADS 4 and EU-TIRADS 5 nodules were considered at higher risk for thyroid malignancy. Cytopathology results from US-guided FNA were considered the standard of reference. For the statistical analysis, the Thy4 and Thy5 categories were combined, and Thy1 categories were excluded from the beginning.
Diagnostic accuracy was calculated according to Galen (13) and was based on true positive (TP), true negative (TN), false positive, and false negative (FN) results. The positive predictive value (PPV) was TP/(TP + false positive), and the negative predictive value (NPV) was TN/(FN + TN). The 95% confidence interval of all estimates was also evaluated. The agreement between different risk stratification systems was calculated using Cohen k coefficient. A value of 1 implies perfect agreement, and values ,1 imply less than perfect agreement. It was evaluated using the Landis and Koch semiquantitative scale (poor agreement #0.20, fair agreement = 0.20 to 0.40, moderate agreement = 0.40 to 0.60, good agreement = 0.60 to 0.80, and very good agreement = 0.80 to 1.0).
Negative values of k express disagreement. Because both ATA and ETA US risk stratification systems specifically recommend diagnostic FNAC according to risk class and nodule diameter, subanalysis incorporating these size criteria for diagnostic FNAC was performed in the calculation of estimated malignancy rates. Statistical analysis was performed using the software StatView for Windows version 5.0.1 (SAS Institute, Cary, NC) and the SPSS Statistics version 22.0 (IBM SPSS statistics, Hong Kong, China). A P value ,0.05 was considered statistically significant.
Results
Cytological results
According to the British Thyroid Association (12), FNAC was inadequate (Thy1) in 12% (51/432), benign (Thy2) in 77.7% (336/432), indeterminate (Thy3) in 7.1% (31/432), and suspicious or malignant (Thy4/Thy5) in 3.2% (14/432) of the nodules.
Distribution of thyroid nodules according to ATA and ETA US risk stratification and cytological results
Thy1 nodules were excluded from the statistical analysis. The final study group included 381 nodules. The distribution of nodules classified by ATA US risk pattern were as follows: benign (1.6%; n = 6), very low (53.0%; n = 202), low (20.7%; n = 79), intermediate (22.3%; n = 85), and high (2.4%; n = 9) suspicion (Table 2, The distribution of nodules classified by ETA US risk pattern were: EU-TIRADS 2 (32.1%; n = 122), EU-TIRADS 3 (42.8%; n = 163), EU-TIRADS 4 (17.5%; n = 67), and EU-TIRADS 5 (7.6%; n = 29) ( Table 2 , panel B). The distribution of cytological classification varied significantly by ETA US risk assessment (P , 0.0001). The proportion of Thy2 nodules significantly decreased with increasing of US risk class (P , 0.0001): 95.9% (n = 117/122) in EU-TIRADS 2, 93.9% (n = 153/163) in EU-TIRADS 3, 74.6% (n = 50/67) in EU-TIRADS 4, and 55.2% (n = 16/29) in EU-TIRADS 5. (Table 2, panel B) . On the contrary, with increasing of US risk class, the proportion of Thy4/Thy5 nodules increased significantly (P , 0.0001): 0.8% (n = 1/122) in EU-TIRADS 2, 1.2% (n = 2/163) in EU-TIRADS 3, 6.0% (n = 4/67) in EU-TIRADS 4, and 24.1% (n = 7/29) in EU-TIRADS 5. Similar trend was observed for the Thy3 nodules (P , 0.0001) ( Table 2 , panel B).
Diagnostic performance of the ATA and ETA US risk stratification systems
To evaluate the accuracy of the ATA and ETA US stratification systems, we excluded from the statistical analyses the Thy3 cytology and divided nodules in two categories according to US risk class. When considering benign to low-suspicion nodules at lower risk and intermediate-to high-suspicion nodules at higher risk for thyroid nodule malignancy, the diagnostic performance of the ATA US risk stratification system was as follows: sensitivity, 78.5% (11/14 nodules); specificity, 80.9% (272/336 nodules); PPV, 14.6% (11/75 nodules); and NPV, 98.9% (272/275 nodules) ( Table 3 ). To evaluate the diagnostic accuracy of the EU-TIRADS stratification, we divided nodules in two categories according to US risk class: at lower risk (EU-TIRADS 2 and EU-TIRADS 3) and at higher risk of malignancy (EU-TIRADS 4 and EU-TIRADS 5). The diagnostic performance of the ETA US risk stratification system was as follows: sensitivity, 78.6% (11/14 nodules); specificity, 80.3% (270/336 nodules); PPV, 14.3% (11/77 nodules); and NPV, 98.9% (270/273 nodules) ( Table 3) . Using the Cohen k coefficient, the agreement between ATA and ETA US risk stratification was "very good" (k = 0.913), demonstrating that the ability to identify benign and suspicious nodules is similar between ATA and ETA systems.
Estimation of the decrease in unnecessary FNAC using ATA and ETA US risk stratification systems After exclusion of Thy3 nodules, according to the ATA US risk stratification system, 83/350 (23.7%) nodules did not meet the criteria for the FNAC (Table 4 , panel A). They were stratified as follows: 6/6 (100%) in the benign, 69/194 (35.6%) in the very low-suspicion, 7/75 (9.3%) in the low-suspicion, and 1/69 (1.4%) in the intermediatesuspicion category. The rate of malignancy (Thy4/5) was 0% (0/6) in the benign category, 1.4% (1/69) in the very low-suspicion category, 0% (0/1) in the low-suspicion category, and 100% (1/1) in the intermediate-suspicion category. Therefore, the cumulative malignancy rate for nodules that did not meet the criteria for the FNAC was 2.4% (2/83 nodules). Considering only categories at lower risk of malignancy (benign to low-suspicion nodules), cumulative malignancy rate for nodules that did not meet the criteria for the FNAC was only 1.2% (1/82 nodules) ( Table 4 , panel A).
We performed the same analysis considering all very low-suspicion nodules as nodules that did not meet the criteria for FNAC because observation without FNAC is also a reasonable option for these categories of nodules. Using this approach, the rate of unnecessary FNAC increased from 27.3% to 59.4%. Consequently, because only two nodules were malignant at cytology, the rate of malignancy in those nodules decreased from 2.4% to 0.96%.
According to the ETA US risk stratification system, 196/350 (56.0%) did not meet the criteria for FNAC (Table 4 , panel B). They were stratified as follows: 118/ 118 (100%) in the EU-TIRADS 2, 58/155 (37.4%) in the EU-TIRADS 3, 19/54 (35.2%) in the EU-TIRADS 4, and 1/23 (4.3%) in the EU-TIRADS 5 category. The rate of malignancy was: 0.8% (1/118) for EU-TIRADS 2, 3.4% (2/58) for EU-TIRADS 3, 15.8% (3/19) for EU-TIRADS 4, and 100% (1/1) for EU-TIRADS 5. Therefore, cumulative malignancy for nodules that did not meet the criteria for the FNAC was 3.6% (7/196 nodules). Considering only categories at lower risk of malignancy (EU-TIRADS 2 and 3), cumulative malignancy rate for nodules that did not meet the criteria for the FNAC was only 1.7% (3/176 nodules) ( Table 4 , panel B). The proportion of malignancy in nodules that did not meet the criteria for the FNAC was not different between ATA and ETA US risk stratification systems (P . 0.99).
Discussion
With the advances in US technology and the routine use of neck US in clinical practice, there has been a significant increase in the detection of thyroid nodules resulting in a proportional rise in the number of thyroid FNAC procedures. However, only 2% to 16% of thyroid nodules are malignant, whereas a "benign" result is obtained in approximately 60% to 70% of thyroid FNACs (3). To decrease these unnecessary FNACs in the majority of cytologically benign thyroid nodules, the use of US features has been proposed. Therefore, various combinations of features have been studied for that purpose. Thyroid nodules are classified into categories related to their US patterns, and the indications for FNAC is based on these categories (5-10). Recently, the ATA (6) and the ETA (10) have proposed two different US risk stratification systems to help the clinician in selecting thyroid nodules for FNAC. The goal of these US assessments of thyroid nodules proposed is to distinguish benign nodules that can be managed conservatively from those with suspicious or malignant features requiring FNAC. However, both ATA and ETA US risk stratification systems of thyroid nodules (6, 10) remain to be applied and tested in large prospective studies. In our study, we validated and compared the ATA and ETA US risk stratification systems of thyroid nodules in a prospective series of 432 thyroid nodules submitted to FNAC. Categories for US patterns correlated with cytological diagnosis. The majority of the nodules at "lower risk of malignancy" were associated with benign cytology (NPV for benign nodules was 98.9% for both ATA and ETA US systems), and the benign rates observed in these categories were within or close to the given range described in the ATA and ETA guidelines.
Also, in the categories at "higher risk of malignancy," the rates of malignant nodules were within or close to the Only nodules with diagnostic cytologies (THY2 and THY4/5) were included in this analysis (n = 350).
given range described in the two guidelines (6, 10), although it was relatively lower (67% for ATA and 30.4% for ETA) compared to the one reported in the ATA (70% to 90%) and in the ETA (26% to 87%) systems (6, 10 Our study group also included nodules that did not meet the criteria for FNAC. This permitted us to evaluate how many unnecessary FNACs can be avoided using the ATA and ETA US risk stratifications in clinical practice and how many malignancy nodules were lost in this subgroup of nodules. The proportion of patients in whom FNAC can be avoided was significantly higher using the ETA US risk stratification (56.0% vs 23.7% for the ATA US risk stratification system) without significantly increasing the risk of losing thyroid malignancy in thyroid nodules at lower risk of malignancy (,2.0% for both US risk stratification systems). However, if all nodules at ATA very low risk (and not only nodules #2 cm) were considered as nodules that did not meet the criteria for the FNAC, the percentage of patients in whom FNAC is unnecessary increased from 23.7% to 59.4%, without significant change in malignant rate.
Our study has a few limitations. First, we used cytological results as the reference standard, and FN results in some thyroid nodules with benign results could have occurred. In addition, the absence of a histological series does not allow us to ascertain the true nature of Thy3 nodules. A recent study evaluated the malignancy rate in a small subgroup of Thy3 nodules submitted to surgery (11) . The authors reported a higher rate of malignant nodules in the lower-risk categories (low and very low) when compared with the whole group (17% vs 8% and 12% vs 2%, respectively). The NPV of the ATA US risk stratification system in this study was around 85%, lower than that observed in our study group (around 98%). These results suggest that additional studies, including a large series of Thy3 nodules submitted to surgery, should be performed to define the diagnostic accuracy of US risk stratification systems in Thy3 nodules. Second, although our center is an academic referral center and not a primary care setting, a low rate of suspicious/malignant nodules at cytology was observed in our study group. Our results are similar to that reported in a recent study in which the authors evaluated the diagnostic performance of FNAC of a primary care setting in Germany (15) . The low rate of suspicious/malignant nodules might affect the PPV and NPV of ATA and ETA US risk stratification systems. The diagnostic accuracy is directly related to the prevalence of the disease in the population. Assuming all other factors remain constant, the PPV will increase with increasing prevalence and NPV decreases with increase in prevalence. Nevertheless, it is possible to hypothesize that the diagnostic accuracy of ATA and ETA US risk stratification systems might be different in higher-risk populations, with a higher rate of FN results and a lower NPV. In a large retrospective study including 1293 thyroid nodules with histological diagnosis and a malignant rate of 18.1%, both the TIRADS system and ATA US risk stratification system showed a very high NPV (98.1% and 97.3%, respectively) (14) . These data suggest that, probably also in higher-risk thyroid nodule populations, both ATA and ETA US risk stratifications might have a good diagnostic accuracy in selecting nodules for FNAC. However, prospective studies, including a large group of nodules at high risk of malignancy, might be necessary to clarify this issue.
In conclusion, both ETA and the ATA US risk stratification systems provide effective malignancy risk stratification for thyroid nodules without a significant difference between the two scoring systems. In clinical practice, using this approach, we should be able to reduce the number of unnecessary FNACs without losing clinically significant thyroid cancer.
